Introduction {#S1}
============

Patients with microdeletion syndromes often experience recurrent respiratory tract infections, which are the major cause of their mortality and morbidity. However, immunodeficiency is often not suspected in these patients and immunologic investigation is usually not performed \[[@ref1]\]. Identification of underlying immunodeficiencies may not only decrease the morbidity and mortality of these patients, but also it may increase their quality of life \[[@ref2]\]. Many genetic causes of primary immunodeficiencies have been identified. Well-defined immunodeficiencies (regarding the number and structure of chromosomes) are categorized separately for the classification of primary immunodeficiency \[[@ref3], [@ref4]\]. Previous studies reveal that Down syndrome cases have high rates of immunodeficiency; however, immunodeficiency has not been studied in many other types of microdeletion syndromes. Indeed, immunodeficiency screening has not been reported in cases with dysmorphic findings other than those with Down syndrome \[[@ref5]\].

In the current study, we aimed to evaluate the clinical and laboratory data as well as the immunological functions of patients who were monitored for the diagnosis of microdeletion syndrome.

Material and methods {#S2}
====================

In this study, 39 patients were included who were diagnosed with microdeletion syndrome in the Pediatric Genetics and Immunology polyclinics of Dr. Behçet Uz Pediatric Diseases and Surgery Training and Research Hospital. The data for this study were obtained from patient records and by individually interviewing their parents. This study was conducted in accordance with the guidelines of the ethics committee of the Dr. Behçet Uz Pediatric Diseases and Surgery Training and Research Hospital (decision dated May 26, 2016, protocol number 2016/79, decision approval 2016/08).

The following data were collected for this study: age, gender, diagnosis, parental consanguinity, history of frequent upper respiratory tract infection, antibiotic prophylaxis intake, immunoglobulin replacement, and immunological laboratory data.

The complete blood counts of peripheral blood samples taken in EDTA tubes were performed using the Mindray BC-6800. Serum immunoglobulin (Ig) levels and IgG subgroups were analyzed via nephelometric method (Dade Behring Marburg Gmbh, Germany), and the results were compared with normal levels in terms of age \[[@ref6]\]. Serum anti-tetanus and anti-HBs levels were analyzed with commercial Elisa kits. Anti-HBs levels higher than 10 mIU/ml and anti-tetanus levels of equal to or higher than 0.01 IU/ml indicated immunity. A peripheral lymphocyte subgroup analysis was performed with a five-color flow cytometry device (Beckman Coulter, Cytomics FC 500); CD45 FITC, CD14 PE, CD3 FITC, CD4 FITC, CD8 PE, CD19 PE, CD16-56 PE, and HLADR-PE monoclonal antibodies were used. Total lymphocyte counts, cell percentages (for CD3+T lymphocyte, CD4+T lymphocyte, CD8+T lymphocyte, CD19+B lymphocyte, and CD3-16+56+NK), and the absolute counts of these cells were compared with normal values in terms of age \[[@ref7]\].

Statistical analysis {#S2_1}
--------------------

An SPSS 22.0 (IBM Corporation, Armonk, New York, United States) program was used to analyze the data. The Shapiro-Wilk test was applied to determine whether the data was normally distributed, and the Levene's test was used to determine the variance of homogeneity. Quantitative variables were expressed as mean ±SD (standard deviation) and median range (maximum-minimum), while the categorical variables were expressed as *n* (%).

Results {#S3}
=======

Twenty of the 39 cases (51.2%) were male, and their age ranged from 6 months to 16 years (median, 5 years). Fifteen of these cases were monitored for a diagnosis of Williams syndrome, 12 for DiGeorge syndrome, 4 for Prader-Willi syndrome, 2 for Wolf-Hirschhorn syndrome, 1 for a 1p36 deletion, 1 for Smith-Magenis syndrome, 2 for Trichorhinophalangeal syndrome type 2 (TRPS2), and 2 for Cri-du-chat syndrome. Five of the 39 cases (12.8%) had parental consanguinity. Two cases had the ten signs of Jeffrey modell foundation's immunodeficiency. Two patients (one with TRPS2 and one with Smith-Magenis syndrome) had a history of intravenous antibiotic treatment for pneumonia. Ten of the 39 cases (25.6%) had a history of frequent upper respiratory tract infections. Three of these were diagnosed with Williams syndrome, one with TRPS2 syndrome, four with DiGeorge syndrome, one with Wolf-Hirschhorn syndrome, and one patient with Smith-Magenis syndrome ([Table 1](#T1){ref-type="table"}). None of these cases underwent antibiotic prophylaxis. T-lymphopenia was detected in five cases with DiGeorge syndrome. Two patients with DiGeorge syndrome had frequent upper respiratory tract infection, hypogammaglobinemia, and low T lymphocytes; they were receiving regular intravenous immunoglobulin (IVIG) replacement. In addition, autoimmune thrombocytopenia and hemolytic anemia were observed in one of these two cases. In terms of age, all of the other patients had normal levels of IgA, M, G, and IgE, IgG subgroup (IgG1, G2, G3, and IgG4), complement (C3 and C4), leukocyte counts, lymphocyte counts, and lymphocyte subgroups \[CD3, CD4, CD8, CD19, natural killer cells (NK), CD4/CD8, CD3 HLADR\] ([Table 2](#T2){ref-type="table"}). There was no response to hepatitis B vaccine in seven of the Williams syndrome cases (46%) and four of the Prader-Willi syndrome cases (100%). Tetanus vaccine response was negative in two cases with the Prader-Willi syndrome. After one dose of hepatitis B vaccine, anti-Hbs antibody was positive in four of seven cases with the Williams syndrome and in two of the four cases with Prader-Willi syndrome. After these cases received the hepatitis B and tetanus vaccines, the values of anti-Hbs and anti-tetanus antibodies became positive in all of the patients.

###### 

Characteristics of cases in the study

  Characteristic                                               Value
  ------------------------------------------------------------ -------
  Gender (male), %                                             51.2
  Age, years [\*](#TF1-1){ref-type="table-fn"}                 5
  Presence of parental consanguinity, %                        12.8
  History of having frequent respiratory tract infections, %   25.6
  Williams syndrome, *n*                                       15
  DiGeorge syndrome, *n*                                       12
  Prader-Willi syndrome, *n*                                   4
  Wolf-Hirschhorn syndrome, *n*                                2
  1p36 deletion, *n*                                           1
  Smith-Magenis syndrome, *n*                                  1
  TRPS2, *n*                                                   2
  Cri-du-chat syndrome, *n*                                    2

medium

###### 

Immunological laboratory data of cases

  Case                  IgG (mg/dl)   IgA (mg/dl)   IgM (mg/dl)   IgE (mg/dl)   IgG1 (mg/dl)   IgG2 (mg/dl)   IgG3 (mg/dl)   IgG4 (mg/dl)   C3 (mg/dl)   C4 (mg/dl)   WBC (μl)   ALS (μl)   CD3 (%)   CD4 (%)   CD8 (%)   CD19 (%)   NK (%)   CD3 HLADR (%)
  --------------------- ------------- ------------- ------------- ------------- -------------- -------------- -------------- -------------- ------------ ------------ ---------- ---------- --------- --------- --------- ---------- -------- ---------------
  Williams              1076.9        185.8         121.7         46.3          554.2          294.3          89.1           30.7           106.5        14.7         8592       3330       72.1      40.7      28.4      18.0       10.1     0.8
  syndrome              ±350.8        ±91.8         ±65.8         ±104.6        ±139.2         ±91.1          ±47.2          ±40.6          ±16.0        ±6.9         ±1845      ±1563      ±6.1      ±6.7      ±7.5      ±4.8       ±5.6     ±0.5
  DiGeorge              897.6         124.8         82.2          33.8          719.8          158.3          55.4           68.1           116.3        21.8         7032       2545       59.6      36.6      21.4      24.0       15.8     7.8
  syndrome              ±324.2        ±81.7         ±27.9         ±23.0         ±589.3         ±119.9         ±41.2          ±107.7         ±17.4        ±9.3         ±2596      ±1583      ±14.1     ±13.1     ±8.5      ±12.7      ±9.4     ±12.1
  Wolf-                 1200          207           188           42            750            200            125            90             179          26           12620      5160       71        50        21        12         14       1
  Hirschhorn syndrome   815           75            119           58            445            145            71             38             197          32           9460       3120       63        38        20        12         11.5     0.5
  Others                1108          121.3         128.9         98.9          607.1          219.3          76.0           42.5           138.5        24.5         11270      3362       64.5      36.9      24.6      20.9       13.8     4.1
                        ±326          ±66.9         ±11.9         ±111.3        ±213.2         ±133.7         ±54.0          ±46.8          ±16.8        ±5.3         ±6390      ±1733      ±8.5      ±10.8     ±6.9      ±8.3       ±5.9     ±4.8

Discussion {#S4}
==========

Several studies have reported on immunodeficiency in patients with DiGeorge syndrome \[[@ref8], [@ref9]\]. However, studies reporting on immunodeficiencies in other microdeletion syndromes are limited to case reports. In our current study, immune functions in DiGeorge syndrome were analyzed as well as in seven other microdeletion syndromes. Our data does not support testing for immune deficiencies in microdeletion syndromes other than DiGeorge syndrome.

The study of Schatorjé*et al*. evaluated the immunological functions of patients with chromosomal anomalies and frequent infections, and found that one third of the cases had a primary immunodeficiency \[[@ref10]\]. In our study, four cases with DiGeorge syndrome had immunodeficiency and a history of frequent upper respiratory tract infections; however, no immunodeficiency was detected in the other six microdeletion syndrome cases with a history of frequent upper respiratory tract infection. Upper airway infections may (most likely) have other causes in these patients such as smoke, crowded family life, and nursery.

First, Kabuki *et al*. reported chronic granulomatous disease in a 2-month-old Williams syndrome patient \[[@ref11]\]. Later, Stasia *et al*. reported that they also detected chronic granulomatous disease in two patients with the Williams syndrome \[[@ref12]\]. In our current study, none of the patients with Williams syndrome had a history of infection suggesting chronic granulomatous disease. In addition, all of these patients had normal levels of immune function.

In a study including patients with Wolf-Hirschhorn syndrome, Hanley-Lopez *et al*. reported that common variable immunodeficiency was detected in two cases, with one patient diagnosed with IgA and IgG2 subclass deficiency, three identified with IgA deficiency, and three diagnosed with insufficient polysaccharide vaccine response \[[@ref13]\]. Campos-Sanchez *et al*. reported that the genes involved in the genetic deletion leading to Wolf-Hirschhorn syndrome, play a key role in the proliferation of B cells \[[@ref14]\]. However, despite the fact that one of our two patients with Wolf-Hirschhorn syndrome had a history of frequent upper respiratory tract infection, the Ig and IgG subgroup levels in both of these patients were normal in terms of their age as well as their other immunological parameters.

Suhoski *et al*. reported that the genes undergoing deletion by 1p36 microdeletion encode the costimulatory molecules of the TNF receptor superfamily (TNFRSF) \[[@ref15]\]. However, primary immunodeficiency due to 1p36 deletion has not yet been reported in the literature. In our current study, there were no clinical findings suggesting immunodeficiency, and patients' immunologic parameters were normal.

Perkins T *et al*. reported that 74 of 76 patients with Smith-Magenis syndrome had frequent recurrent infections such as otitis, pneumonia, sinusitis, and gastroenteritis. In addition, most of the patients with Smith-Magenis syndrome had deficient isotype-switched memory B cells \[[@ref16]\]. In our study, the patients with Smith Magenis syndrome had a history of recurrent upper respiratory tract infection (consistent with the literature) and a history of pneumonia requiring intravenous antibiotic treatment. However, the Ig levels and IgG subgroup levels of these patients were normal in terms of their age. While B lymphocyte subgroups were not investigated, their B lymphocyte count, its ratio, and other laboratory data were within normal range.

It has been reported that while less than 1% of cases with DiGeorge syndrome have severe combined immunodeficiency \[[@ref17]\], 75% of them have inadequate immunological functions at different levels \[[@ref18]\]. Many retrospective studies have reported that cases with DiGeorge syndrome had an increased incidence of autoimmune diseases; these studies further reveal that approximately 10% of these patients developed autoimmunity \[[@ref19], [@ref20]\]. In European and United States registries, approximately 3% of DiGeorge syndrome cases have been reported to receive immunoglobulin replacement \[[@ref21]\]. In our current study, none of the cases with DiGeorge syndrome had severe combined immunodeficiency. In accordance with the literature, four of the twelve DiGeorge syndrome patients had frequent recurrent upper respiratory tract infections, and lymphopenia was detected in five cases. Only two DiGeorge syndrome cases received regular IVIG replacement, since they had frequent respiratory tract infections, hypogammaglobinemia, and lymphopenia. In addition, one of these two cases also had autoimmunity.

In the literature, to our knowledge, there are no studies reporting primary immunodeficiency in Prader-Willi syndrome, TRPS2, and Cri-du-chat syndromes. In our study, one case with the diagnosis of TRPS2 had a history of frequent upper respiratory tract infections. Of note, this case had previously received intravenous antibiotic treatment for pneumonia. However, we did not detect immunodeficiency in any of these three syndromes.

There was no response to hepatitis B vaccine in the Williams syndrome cases (46%) and in the Prader-Willi syndrome cases (100%) in our study. Additionally, there was no response to tetanus vaccine in the Prader-Willi syndrome patients (50%). After these cases received the hepatitis B and tetanus vaccines, the values of anti-Hbs and anti-tetanus antibodies became positive in all of patients. To our knowledge, there is no study in the literature on vaccine responses in these syndromes, so greater study on vaccine responses of these syndromes are essential.

Conclusions {#S5}
===========

In conclusion, in accordance with the literature, the current study found that primary immunodeficiencies were frequent in DiGeorge syndrome cases. Immunodeficiency was not detected in any other of the microdeletion syndromes. However, as reported in the literature, the evaluation of immunodeficiency in microdeletion syndromes, especially Wolf-Hirschhorn syndrome, 1p36 microdeletion, and Smith-Magenis syndrome, may increase the quality of life of patients by preventing complications that may otherwise develop.
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